I do not like going to London, partly because it is such a dirty place. Collar and cuffs become engrained with grime to such an extent that one needs two shirts each day. Much of the pollution comes from vehicular exhaust emissions, which intuitively one would expect to be a health hazard, but are they? This topic was considered in depth recently at an IAI conference, 'Volatile Organic Compounds in the Environment'.
The conference attracted 60 papers and 150 delegates from 22 countries. The various sessions covered air quality management and legislation, industrial control and product reformulation, vehicle emissions and fuel composition, evaluation technologies, health effects and air quality case studies. Delegates were presented with the 606page book of the proceedings at registration [ 1 ] . Thus those who attended were briefed right up to the present situation about volatile organic compounds (VOCs) in the environment'.
There is no universally accepted definition of VOCs, although the most useful may be that of the United Nations Economic Commission for Europe: 'all organic compounds of anthropogenic nature other than methane that are capable of producing photochemical oxidants by reactions with nitrogen oxides in the presence of sunlight'.
Increase in the concentration of VOCs in the outdoor air could lead to photochemical smog under certain meteorological conditions. The opening address of the conference was presented by the Rt. Hon. Robert Jones MP, chairman of the 'All Party Commons Select Committee on the Environment' ( fig. 1 ). This committee consists of 11 Members of Parlia- Fig. 1 . The Rt. Hon. Robert Jones MP, chairman of the 'All Party Commons Select Committee on the Environment', who presented the Opening Address at the conference. ment and has responsibility for local government as well as the environment. It invites witnesses to give evidence in public, reaches a set of conclusions on issues and then recommends action, which may be incorporated into the programme of the government.
Mr. Jones highlighted the difficulty in recommending sound environmental policy. As many of the problems overlap, steps to rectify them should not be taken in isolation. For example, Mr. Jones welcomed the reduction in the concentration of lead added to petrol [see ref. 2 for two contrasting views of the magnitude of this environmental problem], but indicated that modifications in fuel composition to retain the high octane value required by modem internal combustion engines result in the increased emission of NOx and VOCs into the outdoor air. If the exhaust is passed through a suitably designed catalytic converter, pollution can be maintained at a low level, but in Britain there is no requirement to fit catalytic converters. Thus any health benefit from the reduction of lead in exhaust emissions has to be set against the environmental and health implications of creating higher than necessary levels of NOx and VOCs in the air. An integrated approach to legislation could have ensured the fitting of catalytic converters to all vehicles using lead-free petrol.
The problem of lead-reduced or lead-free petrol used in auto engines without catalytic converters, particulary in developing countries, was highlighted by several authors.
Various modifications in the composition of the fuel can be made to maintain its octane value, but all of these will result in a raised discharge of VOCs into the outdoor air.
When the switch to lead-reduced fuel occurred in Mexico City in 1986, the ozone levels doubled overnight, with the resultant increase in the frequency and intensity of pollution by photochemical smog. South Africa is about to take the same ill-advised step.
One does not envy the difficult role of the politician in having to balance the various interests in dealing with these complex and interacting problems. According to Mr. Jones, the politician's real need is for sound and balanced information about problems, so that appropriate strategies can be devised to deal with them. Mr. Jones regretted that so few who are educated as scientists and engineers enter politics.
Of course, not all VOCs released into the environment come from motor vehicle exhaust. Part of the pollution burden is due to the evaporative loss of fuel, and the widespread use of solvents represents another important source. Analytical techniques are now so sophisticated that minute concentrations of many VOCs can be detected in both the outdoor and indoor air. Are the levels reported harmful to health?
There is a surprisingly inadequate database of health effects of VOCs. Most attention at the conference was paid to benzene, 1,3-butadiene and formaldehyde, although other VOCs may also be hazardous.
The epidemiological evidence that associates industrial exposure to benzene with leukaemia is not ideal because of the lack of reliable information on the level of exposure [see table 1 in ref. 4 ]. However, it seems likely that statistically significant effects, where they were detected, occurred after prolonged exposure of shoemakers and synthetic-rubber workers to benzene in factory air at levels higher than 10 ppm, and maybe above 100 ppm. The highest levels reported in the UK outdoor air were well over 1.000-fold lower at 5 ppb (London roadside), around 2 ppb in the urban north-east and suburban London, and between 0.343 and 0.814 ppb at three rural sites [5] . Benzene has been justifiably classified as a probable human carcinogen by the International Agency for Research on Cancer (IARC) [6, 7] , who placed it in the 2A category. There are three criteria for inclusion in the 2A category, which is determined by a consensus of expert opinion, using a weight-of-evidence approach. The criteria are as follows: ( 1 ) limited evidence in humans and suf ficient evidence in experimental animals; (2) only limited evidence in humans, and (3) sufficient evidence in experimental animals in the presence of other supporting data.
For regulatory purposes, it is generally assumed that there is no safe dose for carcinogens [but see ref. 8 ], so there could be at least a theoretical cancer risk associated with exposure to the ambient levels cited above. It is not known if the sensitivity of children to benzene differs from the reference population of industrial workers, but prudent risk assessment usually assumes there is an increased risk in the young. The levels of benzene inside motor vehicles (typically 20 ppb) are some 10-fold higher than in the home or in the outdoor rural air, which, again theoretically, could implicate the hydrocarbon as a causal factor in some cases of childhood leukaemia [9] , and explain the increased prevalence of the condition in children from families of higher socioeconomic status. Although 1,3-butadiene is usually not a constituent of petrol, it is present in vehicular exhaust, especially when the octane rating of lead-reduced fuel is maintained by adding olefinic components [10] . Exposure to 1,3-butadiene also occurs in workers involved in the production of synthetic rubber, where evidence of an excess of lymphopoietic cancer has been detected. As with benzene, 1,3butadiene has been placed in the 2A category. However, somewhat paradoxically, when only long-term workers (10 years or more) from the cohort were considered, there was no excess of cases [findings of Acquavella quoted in ref. 11 ].
Of more direct relevance to Indoor Environment is indoor air pollution, although any change in the composition of outdoor air will be transmitted indoors to some extent. In general, the level of pollutants declines as air is taken into buildings. Of course, the level of contaminants is higher indoors than in the outside air when the source of pollution is itself inside the building. With respect to VOCs, formaldehyde may be off-gassed from wall boards and has been extensively studied because of suspected carcinogenic activity in animal tests [see ref. 12 for an appraisal of these data], although comparable findings have not been reported from epidemiological studies.
Various VOCs may be derived from paints, polishes, cleaning agents and lubricants. The involvement of such compounds, especially in combination, in perceived poor air quality has been proposed [13] [14] [15] [16] . One strategy for dealing with these low-level pollutants is to adsorb them on activated-carbon filters [ 17] .
It seems likely that VOCs in the indoor environment are more involved with aspects of comfort and satisfactory indoor air quality as opposed to serious adverse health effects. Regulation to control the level of contaminants in non-industrial workplace indoor air does not yet seem to be appropriate [ 18] .
There is a clear need for more information about the levels of VOCs in both the outdoor and indoor air, the sources of the pollutants, and to what extent they represent a hazard to health. There is virtually no reliable information about the effects on health from the complex mixtures of compounds normally encountered. Are there subgroups of the population who are specially sensitive to VOCs? Perhaps such information will have started to emerge by the time of the next VOC conference, to be organised by IAI in 1995. In the meantime, environment watchers will have to live with photochemical smog and urban dirt, whilst they wonder about how their health is being affected.
